Clinical experience with a bifurcated endovascular graft for abdominal aortic aneurysm repair  by Chuter, Timothy A.M. et al.
Clinical experience with a bifurcated 
endovascular graft for abdominal aortic 
aneurysm repair 
T imothy  A. M. Chuter,  MD,  Bo Risberg, MD,  PhD,  Brian R. Hopk inson,  MS, 
George Wendt, MD,  R. Alan P. Scott, MB, ChB, Phil ip J. Walker, MD,  
Salvatore Viscomi, BA, and Geoffrey White, MD,  New York, N.Y., Malmo, Sweden, 
Nottingham and Chichester, U.IC, Aachen, Germany, and Brisbane and Sydney, Australia 
Purpose: The purpose of this study was to test a transfemoral system of bifurcated 
endovascular g aft insertion for aortic aneurysm repair. 
Methods: Bifurcated endovascular grafts were inserted through bilateral femoral artery 
cutdowns in 41 patients. The results were assessed by completion angiography and 
follow-up computed tomography. 
Results: The second half of the study included more aneurysms 6 cm or larger (p < 0.05) 
and more instances of short proximal neck (p < 0.05), proximal neck angulation (p < 
0.05), and iliac angulation (p < 0.05). Despite the increasingly challenging anatomy, the 
results were better in the second half of the study as illustrated by the lower overall 
combined morbidity/mortality rate (15% vs 50%) and higher overall success rate (85% 
versus 6 5 % ). The mortality rate for the series as a whole was 7.5%. Mean follow-up was 18.8 
months for the first 20 patients and 10.9 months for the second 20. The commonest 
complication i the first half of the study was graft thrombosis (n = 5). This complication 
was absent from the second half of the study because of routine adjunctive stenting. Two 
patients died of complications of endovascular repair. In both cases aneurysm rupture on 
the third postoperative day was associated with coagulopathy and angiographic signs of 
perigraft leak. 
Conclusion: Aneurysm exclusion with a bifitrcated endovascular g aft was feasible in a wide 
range of patients, but when the aneurysm was not entirely excluded from the circulation, 
the risk of rupture persisted. (J Vasc Surg 1996;24:655-66.) 
Successful endovascular neurysm repair depends 
on secure hemostatic implantation of a stent graft 
proximally and distally. Although there is usually a 
suitable site for stent graft implantation between the 
renal arteries and the aneurysm, it is rare to find a 
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suitable implantation site between the aneurysm and 
the iliac arteries) Therefore few patients can be 
treated with straight aortoaortic cndovascular g afts. 2
Alternatively, the distal end of an endovascular graft 
can be implanted in the iliac arteries. The potential 
advantages include wider applicability and easier graft 
sizing. Experience with unilateral implantation of 
aortoiliac stent grafts has confirmed the superiority of 
iliac implantation, 3'4 but the need for extraanatomic 
bypass and contralateral iliac artery occlusion is a 
drawback of this approach. 
A transfemoral system of bifurcated aortobiiliac 
graft implantation was tested extensively in animals '6 
before clinical applications were performed. How- 
ever, it was clear that the value of animal testing was 
limited by the inability of animal models to mimic the 
tortuosity, atherosclerosis, and mural thrombosis that 
commonly accompany aortic aneurysm. This study 
was undertaken to optimize the apparatus and the 
technique and to define appropriate selection criteria 
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Fig. 1. Delivery system and bifurcated graft with sheath 
withdrawn showing three catheters that exit through right 
femoral arteriotomy. These are central carrier of delivery 
system, left limb catheter (attached to left limb of graft), and 
cross-femoral catheter. Cross-femoral catheter is used to 
tow left limb catheter from right femoral artery to left 
femoral artery, thereby pulling left limb of graft into left iliac 
artery. 
through experience in a wide range of circumstances 
before proceeding to more standardized protocols. 
METHODS 
A total of 41 patients (37 men, 4 women) under- 
went abdominal ortic aneurysm repair by transfemo- 
ral implantation of a bifurcated endovascular graft 
between October 1993 and January 1995. Thirteen 
procedures were performed inNottingham, England, 
11 in Aachen, Germany, 8 in Malmo, Sweden, 4 in 
Chichester, England, 3 in Brisbane, Australia, 1 in 
Sydney, Australia, and 1 in New York, New York. 
One patient was treated by transfemoral insertion 
of an endovascular bifurcated graft after preliminary 
abdominal exploration and aortic dissection i  accor- 
dance with the requirements of the Institutional 
Review Board in Chichester, England. This patient 
was excluded from further eview. 
Apparatus. The system was similar to the smaller 
version used in animal testing. 5'6 However, several 
features of the human system (Fig. l) deserve mpha- 
sis. The apparatus was assembled by one of the 
surgeons in New York, where it was also packaged and 
gas-sterilized for transport o participating centers. 
The prosthesis consisted of a graft, which was 
constructed mainly from conventional woven fabric 
(Cooley VerisoftR, Meadox Medicals, Inc., Oakland, 
N.J.), and three Gianturco Z-stents (Cook, Critical 
Care, Inc., Ellettsville, Ind.). 
The fabric of the graft was uncrimped. In some 
cases crimping of the original fabric had been re- 
moved by ironing; in others the fabric had never 
undergone crimping. The diameter of the trunk of the 
graft varied according to the patient's arterial dimen- 
sions, whereas the diameter of the graft limbs re- 
mained constant at 8 mm except at the distal end, 
where the limbs widened to form a "bell bottom." 
The bell bottom varied in diameter particularly in the 
later stages of the study, as it became apparent that a 
hemostatic seal between the lilac arteries and the distal 
orifices of the graft was very important, and the 
number of patients with iliac ectasia increased. No 
fixed relationship was seen between the length of the 
trunk and the length of the limbs, although the trunk 
was rarely more than 5 cm long. 
The large proximal Z-stent carried eight barbs 
oriented to prevent distal migration. Four of the barbs 
projected proximally (upstream) on 7-mm long stems 
parallel to the long axis of the stent before turning 
acutely to form short hooks. Four other barbs pro- 
jected distally (downstream) on 4-ram long stems 
parallel to the long axis of the stent before bending 
outward at an obtuse angle. Because of the flexibility 
of their stalks, the barbs exerted relatively little 
outward force against the aorta. The barbs were 
designed to deploy only when dragged into the aortic 
wall by migration of the open stent. 
The prosthesis was mounted on a central carrier 
and loaded into a main introducer sheath (18F inner 
diameter, approximately 20F outer diameter) to- 
gether with the sheaths and catheters associated with 
the distal stents. The main introducer sheath eld the 
proximal stent in its nonexpanded state during intro- 
duction of the device. The distal stents each had their 
own independent sheaths to prevent premature x- 
pansion (13F on the right and 7F on the left). The 
sheath on the left limb stent was attached to a catheter, 
which was used in conjunction with a cross-femoral 
catheter to tow the left limb of the graft from the aorta 
to the left common lilac artery. 
Preoperative assessment. Preoperative assess- 
ment included computed tomography (CT) and 
angiography in all cases, although methods varied 
among centers. Spiral CT scans were performed in 
Nottingham, Aachen, Malmo, and Brisbane. These 
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centers together contributed 36 of the 40 treated 
cases. Conventional transaxial images were generated 
at narrow intervals (5 mm or less) and used for 
assessments of aortic diameter and length. Spiral CT 
data were also presented in the form of multiplanar 
reconstructions and three-dimensional shaded sur- 
face displays. 
Four of the early cases were assessed by uncali- 
brated intravenous digital subtraction angiography. 
All the others had intraarterial contrast and some 
intraarterial means of calibration such as radioopaque 
markings on the angiographic catheter. 
Patient selection. Selection criteria generally be- 
came broader as the study progressed. Current exclu- 
sion criteria include (1) proximal neck-inner diameter 
>26 mm and length <10 mm, (2) proximal neck- 
diameter change from proximal to distal of >5 mm 
(conical neck), (3) proximal neck - angulation >75 
degrees, (4) common iliac artery implantation site - 
inner diameter >15 mm and length <20 mm, (5) iliac 
artery - inner diameter <6 mm (after balloon dilata- 
tion), and (6) signs that intestinal perfusion depended 
on prograde flow through the inferior mesenteric 
artery such as the presence of a large inferior mesen- 
teric artery, extensive collateralization between the 
inferior mesenteric artery and the superior mesenteric 
artery, flow from the inferior mesenteric artery to the 
superior mesenteric artery, and stenosis of the celiac 
and superior mesenteric arteries. 
The avoidance of iliac ectasia nd aortic angula- 
tion represents a tightening of requirements late in 
the study to avoid patients in whom perigraft leakage 
was likely. Fourteen of the last 20 patients would have 
met these criteria. 
Graft sizing. Each graft was constructed indi- 
vidually to match the patient's arterial dimensions as 
assessed by preoperative imaging, although spares 
were usually available in a variety of sizes. Only one 
graft was subsequently revised in response to new 
information. Two grafts were found to be too short 
when examined under fluoroscopy while they were 
still enclosed within the delivery system. They were 
then removed, and longer grafts were substituted. 
The diameter of the graft depended primarily on a 
measurement of the aneurysm neck from transaxial 
representations of CT data. An elliptic aortic profile 
was attributed to tortuosity and the obliquity of the 
slice. The true profile was assumed to be circular and 
the true diameter to be the diameter ofnarrowest part 
of the ellipse. 
The maximum diameter graft that could be deliv- 
ered with the system and graft material reported was 
26 mm, and in occasional cases (n = 4) the luminal 
diameter of the neck as assessed by CT scan was 
exactly 26 mm. In most cases the graft was slightly 
Table I. Features of arterial anatomy in the 
first and second halves of the study 
First 20 Last 20 
patients patients 
Proximal neck angulation 1 6* 
>60 degrees 
Proximal neck length 1 7* 
<15 mm 
Iliac angulation >90 de- 2 8* 
grees 
Iliac inner diameter 5 5 
>15 mm 
Iliac inner diameter <5 mm 2 1 
Aneurysm diameter 4 11 * 
>60 mm 
*p < 0.05 for the difference between the two groups by Fisher's 
exact est. 
oversized (2 to 4 mm greater than the diameter of the 
neck), the assumption being that a small amount of 
graft redundancy would be inconsequential, whereas 
a small deficiency in the diameter of the graft would 
result in perigraft leakage or stent migration. 
The primary imaging modality used to determine 
the length of the graft varied depending on the 
tortuosity of the aorta and the availability of multi- 
planar reconstruction or shaded surface display rep- 
resentations of spiral CT data. When spiral CT data 
were available in this form, they became the primary 
basis for length assessment. Otherwise the length of 
the graft depended on the findings of angiography. 
Transaxial CT images were used for length assessment 
only when the aorta was relatively straight, the inter- 
vals between slices small, and the angiograms were of 
a poor quality or had not been properly calibrated 
(intravenous digital subtraction angiography). 
Given the tension in the graft at the time of distal 
stent implantation, it was assumed (in determining 
graft length) that the graft limbs would take the 
shortest paths available from the renal arteries to the 
aortic bifurcation. The goals in length determination 
were to have the distal end of the prosthesis at least 
2 cm into the common iliac artery and at least 1 cm 
from the origin of the internal iliac artery. 
Procedure. The technique of bifurcated endovas- 
cular graft insertion has been described elsewhere, 7 
but the basic elements were as follows. 
All patients were treated in the operating room 
under general anesthesia with full preparations for 
open repair. Broad-spectrum antibiotics were admin- 
istered before the skin incision was made. Access to 
the arterial tree was through bilateral arteriotomies in 
the surgically exposed common femoral arteries. Hep- 
arin (10,000 U) was given by bolus intravenous 
injection before arterial clamps were applied. A cross- 
femoral catheter was passed up the left iliac artery into 
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Table II. Features of artcrial anatomy in 
patients with aneurysm diameter 60 mm (n = 15) 
or more and those with aneurysm diameter smaller 
than 60 mm (n = 25) 
AAA >6O mm AA.A <6O mm 
Neck angulation >60 6 1" 
degrees 
Neck length <15 mm 4 4 
Iliac angulation >90 de- 8 2* 
grees 
Iliac inner diameter 7 3 
>15 mm 
AAA, Abdominal aortic aneurysm. 
*p < 0.05 for the difference between the two groups by Fishcr's 
exact  test.  
an open foreign body retrieval basket in the aorta. The 
basket was closed and withdrawn through the right 
femoral artery, and the cross-femoral cathetcr was 
pulled with it. A double-lumen dilator was passed into 
the aorta through the right femoral artery, with the 
cross-femoral catheter in one lumen and a stiff 
guidewire (Amplatz Extra Stiff, Cook Inc., Bloom- 
ington, Ind.) in the other. The double-lumen dilator 
was then withdrawn; care was taken to ensure that its 
orientation remained constant, thereby preventing 
any twisting between the cross-femoral catheter and 
the guidewire. An angiographic catheter was passed 
into the proximal aorta from the left femoral artery. 
The main purpose ofintraoperativc angiography was 
to locate the renal arteries. The other important 
anatomic landmark, the aortic bifurcation, was lo- 
cated by fluoroscopic visualization of the cross-femo- 
ral catheter. 
The delivery system was inserted over the stiff 
guidewire until the proximal stent reached its desired 
location, immediately distal to the renal arteries. The 
proximal stent was deployed by withdrawing the 
sheath. Angiography was repeated several times dur- 
ing proximal stent deployment to ensure accurate 
placement relative to the renal artery orifices. After 
the proximal stent was deployed, the angiographic 
catheter lay between the graft and the wall of the 
aorta. However, there was little risk that removal of 
the catheter would cause stent displacement or leave 
a perigraft channel through which blood could leak, 
because the catheter was straight, tapered, and 
smooth, the stent was self-expanding, and the whole 
prosthesis was still connected to the delivery system. 
After the main introducer sheath was removed, 
the central carrier and the catheter on the left limb of 
the graft could be seen exposed at the right femoral 
arteriotomy. The left limb catheter was connected to 
the cross-femoral catheter by sutures and pulled from 
the right groin to the left. Then traction was applied 
to the left limb catheter at the left groin to pull the left 
limb of the graft into the left iliac artery. The two distal 
stents were then deployed by withdrawal of their 
independent sheaths. Right stent deployment en- 
tailed opening apeel-away segment of the sheath, and 
left stent deployment entailed cutting the suture 
within the left limb catheter before pulling on the 
catheter. 
The delivery system was exchanged over the 
guidewire for an angiographic catheter to perform 
completion angiography. In most cases Wallstents 
were placed within the limbs of the graft to prevent 
kinking. 
On four occasions the common iliac artery bifur- 
cation was exposed retroperitoneally through a right 
lower quadrant incision either to facilitate insertion 
and removal of the delivery system (two cases), to 
perform an open anastomosis to the iliac artery 
bifurcation (one case), or to pass a cloth tape ligature 
around the common iliac artery at the site ofperigraft 
leakage (one case). 
Follow-up imaging. Follow-up has varied 
among centers. Imaging has included serial CT, 
duplex ultrasonography, plain abdominal radiography 
and angiography, checking for perigraft leakage, graft 
stenosis, tent migration, and aneurysm enlargement. 
The first postoperative study (within the first week) 
was generally repeated at 3- and 6-month intervals. 
The findings of CT were the primary basis for the 
diagnosis ofperigraft leakage. Continuing aneurysm 
perfusion was seen on CT as a perigraft collection of 
contrast within the aneurysm. Color-coded uplex 
scanning was used to screen for leakage and graft 
stenosis. Any abnormal findings on duplex scanning 
were further assessed by CT or angiography. 
Follow-up angiography was performed routinely 
at only one of the centers (Malmo). Otherwise 
angiography was reserved for cases in which evidence 
of leakage or stenosis was seen. 
Statistical methods. The comparison between 
the first and second halves of the study and between 
patients with large and small aneurysms regarding the 
presence or absence of various features of arterial 
anatomy was assessed by Fisher's exact est. 
RESULTS 
Arterial anatomy. Mean aneurysm diameter in- 
creased from 5.05 + 0.95 cm (mean + SD) in the first 
half of the study to 6.15 + 1.04 cm in the second half 
(p < 0.001). This increase was associated with an 
increased frequency of some of the more challenging 
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anatomic features (Table I). Larger aneurysms were 
more likely to be associated with distorted anatomy 
(Table II). Patients with aneurysms measuring 60 mm 
or more in diameter were more likely to have an 
aneurysm neck angulated relative to the distal aorta by 
more than 60 degrees, iliac arteries measuring more 
than 15 mm in diameter, or iliac arteries with bends of 
more than 90 degrees. No correlation was seen 
between aneurysm diameter and the length of the 
proximal neck. 
All insertions were performed through the right 
femoral arteries for no other reason than the sur- 
geon's right-handedness. However, retrospective r - 
view of the data revealed that seven patients had very 
tortuous left iliac arteries, one had very tortuous right 
iliac arteries, and two had very tortuous iliac arteries 
on both sides. Therefore had tortuosity been consid- 
ered in determining the side of insertion, the left side 
would have been preferred only once. The common- 
est sites ofiliac artery angulation were the aortic and 
common iliac artery bifurcations. The extent of iliac 
artery tortuosity was sometimes not apparent on 
anteroposterior angiograms, because it occurred in a 
sagittal plane, but it was apparent on multiplanar 
angiography or spiral CT with three-dimensional 
reconstruction. Some degree oftortuosity was almost 
universal and often followed the pattern illustrated in 
Fig. 2, in which the external i iac artery and common 
iliac artery bowed anteriorly with the origin of the 
internal iliac artery posteriorly. 
Complications. Thrombosis of the graft limb was 
the commonest complication i  the first 20 patients 
but was absent from the second 20 (Table III). The 
major difference in practice was the routine placement 
of Wallstents to correct kinks in the limbs of the graft 
(Fig. 3). The presence of severe iliac artery tortuosity 
(angulation >90 degrees) was not a major factor, 
because this was present in only 2 of the first 20 
patients and in 8 of the second 20. 
The three cases listed as "failed insertion" all 
involved failure to deploy the graft in its proper 
location rather than failure to insert the delivery 
system. Two of the three cases resulted from failure to 
release the left limb stent (cases 5 and 9) without 
displacing the graft. The other case of failed insertion 
resulted from malposition of the proximal stent. The 
stent was implanted at the junction between the 
aneurysm neck and the aneurysm proper mainly as a 
result of poor patient selection; the patient had a very 
short conical neck. No attempt was made to implant 
a second stent graft. Instead the procedure was 
converted to open repair. 
Three cases of localized iliac stenosis were seen: 
Table II I .  Incidence of complications in the 
first and second halves of the study 
First 20 Last 20 
patients patients 
Failed insertion 2 1 
Proximal perigraft leak 2 1 
Distal perigraft leak 3 3 
Twisted graft limbs 0 1 
Graft thrombosis 5 0 
Wound infection 1 0 
Graft infection 1 0 
Bleeding 1 0 
Renal failure 1 0 
Myocardial infarction 0 1 
two at the common iliac artery orifice and one in the 
proximal external iliac artery. All were treated by 
balloon dilatation. Residual stenosis of the right 
external i iac artery lesion required implantation of a 
stent. 
Signs of distal perigraft leak were apparent in six 
cases. In two of these the leaks were apparent on 
postoperative CT but not on completion angiogra- 
phy. In two others the leak was apparent on both 
completion angiography and CT. The remaining two 
patients had findings suggestive of perigraft leakage 
on completion angiography but not on CT the next 
day. All six cases of distal perigraft leakage occurred in 
patients with iliac artery diameters greater than 15 
mm. The first three patients with distal perigraft leak 
were observed by serial scans. In one case leakage 
resolved spontaneously within 3 months of insertion. 
The second patient had resolution ofperigraft leakage 
after percutaneous embolization of the perigraft can- 
nel with Gianturco coils 6 months after stent graft 
insertion. This policy of prolonged observation ended 
when a third patient died after undergoing an emer- 
gency operation for aneurysm rupture 3 days after 
stent graft insertion. At exploration the leakage was 
found to have been around the iliac stent. After this 
death occurred, it became routine practice to obtain 
CT early in the postoperative course. Any "persis- 
tent" perigraft leakage seen was treated by placing a 
ligature to squeeze the iliac artery onto the prosthesis 
(n = 1) or by inserting asecond stent graft to extend 
the conduit into a more suitable implantation site 
(n= 1). 
Review of graft and arterial dimensions in these 
patients revealed the cause of the distal eak to be a size 
mismatch between the distal graft orifice and the iliac 
artery in all but one case, in which the graft was too 
short. In four other cases inaccuracies in graft length 
determinations represented potential problems, but 
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Fig. 2. Three-dimensional shaded surface display of spiral CT data showing commonest form 
ofiliac artery tortuosity encountered in this study. 
Table IV. Morbidity, mortality, and 
outcomes in the first and second halves of the study 
First 20 patients Last 20 patients 
(%) (%) 
30-Daycombined 6 (30) 3 (15) 
morbidity/mor- 
tality 
OveraUcombined 9 (50) 3 (15) 
mortality/mor- 
bidity 
Overall mortality 1 (5) 2 (10) 
Immediate con- 2 (10) 1 (5) 
version 
Early conversion or 1 (5) 2 (10) 
death 
Late conversion 4 (20) 0 
Persistent perigraft 0 0 
leak 
Total converted or 7 (35) 3 (15) 
leaking 
Successful endo- 13 (65) 17 (85) 
vascular ex- 
clusion 
in these cases the error was identified before graft 
deployment. One case was canceled on review of the 
preoperative imaging. This patient has therefore not 
been entered in this series. In another case the graft 
was removed from the delivery system, shortened, 
and then inserted. In two more instances the graft and 
delivery systems were substituted for systems of a 
more appropriate size. 
CT signs ofperigraft perfusion were attributed to 
retrograde filling through inferior mesenteric and 
lumbar branches in two patients. In both cases the 
area of contrast opacification was remote from the 
ends of the stent graft. One patient was observed, and 
the cavity became filled with thrombus at 6 months. 
The other case occurred later in the series, by which 
time we had adopted a more aggressive approach. In 
this patient CT and angiography performed 1 month 
after stent graft insertion showed perfusion of the 
aneurysm from a lumbar collateral, which was in turn 
perfused from the internal iliac artery. These arteries 
were catheterized with percutaneous techniques. Coil 
embolization resulted in occlusion of the lumbar 
artery and cessation of perigraft perfusion as con- 
firmed by follow-up CT. 
Perigraft leakage around the proximal stent oc- 
curred in three patients. The first patient was ob- 
served, and the leak ceased when the patient stopped 
taking coumadin. In the second patient proximal 
perigraft leakage developed between the first and sixth 
postoperative months in association with thickening 
of the aortic wall, elevation of the white cell count, 
and elevation of the C-reactive protein. The graft was 
removed for a presumed infection. However, at the 
time of explantation no purulence was seen, and all 
cultures were negative. In the third case completion 
angiography showed leakage between the proximal 
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Fig. 3. Angiograms before and after Wallstent placement showing elimination of kink in left 
limb of graft. 
stent and the irregular, acutely angulated neck. Poor 
cardiopulmonary eserve precluded abdominal op-
eration. The aneurysm ruptured on the third postop- 
erative day, leading to the third death of the series. 
This was the second case that required emergency 
operation for rupture after failure to treat recognized 
perigraft leakage. 
The only other death was the result of myocardial 
infarction, which occurred 11 days after uneventful 
aneurysm repair while the patient was in the hospital 
awaiting cardiac transplant for ischemic cardiomy- 
opathy. 
Wound hematoma necessitated return to the op- 
erating room on the first postoperative night in one 
patient. The cause was bleeding through the femoral 
arteriotomy site. No instances of peripheral embo- 
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lism, stent fragmentation, or stent migration oc- 
curred. One patient required ialysis for 10 days after 
surgery in association with signs of hemolysis. Both 
problems resolved spontaneously. 
Patient selection. Fourteen patients in the sec- 
ond half of the study conformed to the current 
selection criteria. Stent graft implantation was suc- 
cessful in all 14, but one died of a myocardial 
infarction on postoperative day 11. All but one of the 
patients who failed to meet hese selection criteria had 
some complication. Three of the four patients with 
iliac implantation sites greater than 15 mm had a distal 
perigraft leak. One patient with a conical neck was 
converted immediately to open repair, because the 
proximal stent was found on completion angiography 
to be located in the proximal aneurysm. One patient 
with a very tortuous neck had a proximal perigraft 
leak, leading to aneurysm rupture and death. 
Mortality, morbidity, and outcome. Many of 
the complications li ted in Table III do not represent 
morbidity in the conventional sense. Those that do 
include renal failure, myocardial infarction, and re- 
turn to the operating room for conversion, throm- 
bectomy, drainage ofhematoma, or the treatment of 
perigraft leak. All three of the patients who died had 
some listed morbid event; two died after emergency 
conversion to open repair for leak and rupture, and 
another died after a myocardial infarction. The 30-day 
combined morbidity/mortality rates were 30% and 
15% in the first and second halves of the study, 
respectively (Table IV). The addition of late morbid- 
ity brings the totals to 50% and 15%, respectively, with 
a mean follow-up of 18.8 months for the first 20 
patients and 10.9 months for the second 20. 
Immediate conversion to open repair does not 
figure among the morbidity rates, because all three 
patients who underwent immediate conversion made 
an uncomplicated recovery. If these three cases are 
included, the "trouble free endovascular neurysm 
repair" rate falls to 40% in the first 20 patients and to 
80% in the second 20. 
In the first half of the study there were seven 
conversions to open repair, leaving 13 patients with 
grafts in place. In the second half of the study there 
were two conversions and one unrelated eath, leav- 
ing 17 patients with grafts in place. All 30 of these 
patients have complete aneurysm exclusion based on 
CT criteria. Therefore successful endovascular neu- 
rysm repair was achieved in 65% of the first 20 patients 
and in 85% of the second 20 patients. 
DISCUSSION 
It is clear that the results of endoluminal graft 
deployment improved as the study progressed, even 
though the patients in the second half of the series 
were sicker and their arterial anatomy more chal- 
lenging. 
Arterial anatomy. Details of arterial anatomy are 
important as determinants of suitability for different 
types ofendovascular treatment, because ndovascu- 
lar techniques are less flexible than their conventional 
surgical counterparts. Several authors have catego- 
rized infrarenal aortic aneurysms on the basis of their 
suitability for various forms of endovascular repair. 3'4 
Parodi 4 has suggested that as aneurysms enlarge, they 
distort the distal arterial anatomy and require pro- 
gressively more complex forms ofendovascular repair. 
The first stage of distortion involves the loss of any 
distal neck ofnondilated aorta between the aneurysm 
and the iliac arteries, which usually occurs relatively 
early and precludes treatment with a straight aorto- 
aortic endovascular g aft. We have encountered very 
few patients with aneurysms large enough to warrant 
treatment who have not passed this stage, hence the 
preponderance of bifurcated aortoiliac grafts in our 
study. 
Further progression of disease produces variable 
degrees of lilac arterial dilatation, iliac artery tortuos- 
ity, aortic tortuosity, and encroachment onthe proxi- 
mal neck. All of these features were encountered with 
increasing frequency as the study progressed. The 
association between distorted arterial anatomy and 
large-diameter aneurysms upports the hypothesis 
that this is part of the process of aneurysm enlarge- 
ment. It appears that the aneurysms most in need of 
treatment are often the most challenging. 
Information on arterial dimensions and configu- 
ration should be included in any report on endovas- 
cular aneurysm repair as suggested by the guidelines 
of the endovascular g aft committee of the Society for 
Vascular Surgery/International Society for Vascular 
Surgery/Society of Cardiovascular and Interven- 
tional Radiology (SCVIR). s The range of patients 
treated has profound effects on the results of treat- 
ment and the usefulness of the technique. The appli- 
cation of restrictive anatomic riteria may improve 
results but will exclude many patients with large 
aneurysms. On the other hand, it is hard to include 
many patients with small aneurysms when current 
risk-benefit analysis for these patients may not justify 
their treatment with an unproven technique. 
It must be recognized, in commenting on the 
anatomic features of the study population, that this 
was a selected group. Patients with very advanced 
disease have been excluded especially in the early 
stages of the study, and unfortunately we lack infor- 
mation on many of the excluded patients. 
Preoperative assessment. When the iliac arteries 
are used as a distal implantation site, their length 
allows some latitude in graft length determination. 
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However, we still had occasional problems achieving 
the necessary accuracy when the aorta was tortuous. 
Although a complication (perigraft leak) resulted 
from incorrect graft sizing in only one case, in another 
four cases the problem was detected before graft 
deployment. In two cases the shortfall in graft length 
was not noticed until the delivery system was inserted. 
Fortunately, spare systems of a more suitable length 
were on hand. 
We have come to rely primarily on spiral CT for 
graft sizing and assessment ofthe aortic neck. Angio- 
grams are obtained mainly tostudy the dimensions of 
the iliac arteries. The common iliac arteries are often 
heavily calcified and angulated in several directions, 
which complicates assessment by multiplanar recon- 
struction, maximum intensity projection, and shaded 
surface display of spiral CT data. We have only limited 
experience with magnetic resonance imaging in any of 
its forms, but we suspect hat this modality (with 
gadolinium enhancement) may serve all our needs. 9 
We currently use extensive (and expensive) arterial 
imaging with a variety of techniques. This use is 
illustrated by the series of images in Fig. 4, which 
follows the progress of a single uncomplicated case. In 
the future it may be possible to perform a more 
restricted assessment aswe come to understand the 
advantages and limitations of different imaging tech- 
niques. Similarly, the extent of postoperative imaging 
reflects our uncertainty regarding the fate of an aortic 
aneurysm that has been treated with an endovascular 
graft. If we find that late complications are rare, the 
follow-up need not be so rigorous. The cost of the 
current imaging protocol may be justifiable for the 
purposes of research, but such an approach cannot be 
sustained if endovascular repair is to be an economi- 
cally viable alternative to conventional repair. 
However, it is clear that success in endovascular 
repair will always depend on the quality of arterial 
imaging. Whatever the relative merits of the territorial 
claims made by surgeons, radiologists, and cardiolo- 
gists may be, we believe that he individual responsible 
for the preoperative and postoperative imaging of 
these patients should be actively involved in the 
procedure ofstent graft implantation, because proper 
radiologic assessment for endovascular neurysm re- 
pair requires an understanding of the technique and 
the prerequisites for success. Standard imaging mo- 
dalities (magnetic resonance imaging, CT, or angiog- 
raphy) applied in the standard fashion are inadequate 
for endovascular repair. 
Complications. The improvement in results be- 
tween the first and second halves of the study was 
achieved by identifying and subsequently avoiding the 
causes of any acute complications. Perhaps the most 
striking example of this process was the prevention of 
arterial thrombosis. None of the last 20 patients had 
graft thrombosis, whereas 5 of the first 20 did. This 
change was attributed to the practice of routine 
Wallstent placement into both limbs of the graft. 
Although Wallstent implantation eliminates kinking 
very effectively, its routine use is undesirable, because 
it adds to the cost and duration of the procedure. 
The two cases of aneurysm rupture in the imme- 
diate postoperative period have some features in 
common. Both patients had coagulopathy, both 
lacked mural thrombus; both had aortic tortuosity 
resulting in asymmetric bulging of the aneurysm, and 
(most important) both had large perigraft leaks seen 
on completion angiography. This experience is the 
basis for our current aggressive approach to the 
treatment ofperigraft leakage whenever the patient's 
condition permits. We do not regard thrombosis of a 
leaking aortic implantation site as complete protec- 
tion from risk of rupture. Such leaks can recur. 4 In 
most cases the source of persistent aneurysm perfu- 
sion was a gap between the wall of the common iliac 
artery and the graft limb; in others it was a patent 
lumber artery. Treatment of these conditions need 
not entail graft explantation or even abdominal op- 
eration. We have confirmed the utility of several 
endovascular lternatives in these patients. For ex- 
ample, distal perigraft leakage can be treated by 
adding a short extension onto the conduit in the form 
of a second stent graft inserted into the distal orifice of 
the first as described by Parodi. 4The extension can 
open into a nondilated segment of distal common iliac 
artery or into the external i iac artery depending on 
the extent of common iliac ectasia. Ideally, the second 
stent graft should be implanted at the time of the 
initial procedure, assuming that the extra equipment 
is available and the leak is apparent on completion 
angiograms, which may not be the case. 
The cause of distal perigraft leak was a mismatch 
between the diameter of the common iliac artery and 
the diameter of the distal graft orifice in all but one 
case. Therefore the prevention of perigraft leak de- 
pends primarily on patient selection and accurate graft 
sizing. Current versions of the prosthesis can expand 
to only 16 mm distally. Patients whose common iliac 
arteries are uniformly larger than this cannot be 
treated by entirely endovascular means unless the 
distal graft limb is implanted in the external iliac 
artery. We have avoided internal i iac artery exclusion 
even unilaterally for fear of compromising colonic 
perfusion, but external i iac artery placement may be 
an option in selected cases. 1° Another alternative is to 
complete transfemoral bifurcated graft placement by 
performing a sutured istal anastomosis with a limited 
retroperitoneal approach to the iliac arteries on one 
side. Such alternatives to simple common iliac artery 
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Fig. 4. Series of images that show progress of one patient hrough preoperative assessment, 
graft insertion, and postoperative follow-up. A, Preoperative angiogram. B, Preoperative 
multiplanar reconstruction f spiral CT data. C, Preoperative three-dimensional haded surface 
display of spiral CT data. D, Completion angiogram. E, Follow-up angiogram. F, Follow-up 
three-dimensional shaded surface display of spir l CT data. 
implantation are important, because iliac artery dila- 
tation is often encountered in patients with aortic 
aneurysms) The combined application of endovas- 
cular and open surgical techniques has been described 
in a variety of patients with scvere iliac artery involve- 
ment. 4,n In those cases the endovascular g aft was 
implanted in the straight aortouniiliac position with 
extra anatomic bypass to restore flow to both lower 
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extremities. However, a similar approach is possible 
with bifurcated aortobiiliac endovascular grafts, 
which have the advantage of prograde flow to both 
iliac systems, thereby avoiding the need for extraana- 
tomic bypass. 
Many authors have expressed concern that endo- 
vascular techniques do not isolate the aneurysm from 
the circulation when there are patent lumbar and 
inferior mesenteric branches. We have seen aneurysm 
perfusion by this route in two patients. One was 
observed and underwent spontaneous thrombosis. 
The other was treated by percutaneous catheter 
embolization of a lumbar artery. Long-term fol- 
low-up in a much larger number of cases will be 
needed to draw any conclusions regarding the fate of 
the aneurysm in the presence of a patent branch 
artery. Experience with aneurysm exclusion and by- 
pass 12 would suggest that patent branches of the 
infrarenal aorta rarely cause aneurysm enlargement or
rupture once the aneurysm has been isolated from the 
circulation proximally and distally. 
Complications notable by their absence included 
stent migration, 4 stcnt fragmentation, :3 embolism, 4 
and failure to insert the dchvery system, 13 all of  
which have been reported in other series. The du- 
rability of stent structure and function is largely a 
function of apparatus design rather than the tech- 
nique of insertion. Similarly, the lack of embolism is 
partly attributable to the smooth profile of the de- 
livery system, but aspects of the technique such as 
the avoidance of extensive aortic instrumentation are 
also important. Bilateral femoral artery clamping 
may also have provided some protection from lower 
extremity embolism by allowing particulate matter to 
exit the iliac arteries only during intermittent flush- 
ing. On the sole occasion in which extensive aortic 
instrumentation was required for placement of a 
cross femoral catheter (the second case), particulate 
matter was seen in effluent blood when the femoral 
arteries were flushed. 
Another feared complication that we did not see 
was colon ischemia. One of the initial reasons for 
including routine angiography in the preoperative 
assessment was to identify patients in whom the 
inferior mesenteric artery was likely to be an indis- 
pensable source of colonic perfusion. Yet only one 
patient was excluded from the study on this basis, and 
none showed signs ofischcmic olitis. 
Morb id i ty  and outcome. As they arc applied to 
endovascular neurysm repair, conventional morbid- 
ity rates can be misleading, because many of  the events 
that should be listed as complications ofendovascular 
repair sometimes produce no major morbidity. For 
example, in this series failed insertion of an endovas- 
cular graft was followed by open repair and an 
uncomplicated recovery, and perigraft leak resolved 
spontaneously in four patients. Therefore these com- 
plications were not included in the morbidity figures. 
The complications are listed separately in Table I I I ,  
and more conventional indexes of outcome are listed 
in Table IV. 
CONCLUSION 
Endovascular aneurysm repair is still in a state of 
flux. Techniques arc evolving rapidly, enabling awider 
range of patients to be treated with better esults. This 
process is seen in all aspects of  this study. The 
technique, the selection criteria, and the results all 
changed uring the course of the study. Under such 
circumstances it is difficult to obtain the standardiza- 
tion necessary for statistically meaningful conclusions, 
yet it is clear that transfcmoral repair of  abdominal 
aortic aneurysms with a bifurcated endovascular g aft 
is feasible, with good results in properly selected 
patients. The heterogeneity of the patient population 
in this study indicates the potential scope of the 
approach. 
Although the results are promising, wc need to see 
much longer follow-up before drawing any conclu- 
sions about the durability of this form of ancurysm 
repair. We also nccd large studies in which the 
selection criteria and the apparatus have been stan- 
dardized to provide a statistically valid basis for 
comparisons with conventional surgery. 
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